In this work, we report a method to improve the efficiency of the micromechanical cleavage technique to obtain few-layers graphene samples, from natural graphite flakes, which were previously submitted to two chemical treatment times with H 2 SO 4 (17 and 25 hours). After the chemical treatment times, Raman spectroscopy reveals a hydrogenation of the few-layer graphene samples, which were obtained from the treated graphite flakes. To analyze the hydrogenation of the samples, the G and 2D bands of the Raman spectra of the treated and untreated samples were analyzed and compared, as well as the I(2D)/I(G) ratio, revealing a p-doping on the treated samples when compared with the untreated samples. Our studies could be of great importance to obtain larger and greater amount of few-layer graphene samples.
Introduction
Graphene, by its fabulous mechanical, electronic, thermal and optical properties, is one of the most promising candidates for the next generation of electronic materials [1] . However, for the study and application of graphene, the identification and characterization of this material are of vital importance. In this sense, Raman spectroscopy plays a very important role, since it is a non-destructive, fast and simple characterization technique. The Raman spectrum of graphene shows some characteristic bands that provide structural, electronic and vibrational information [2] [3] [4] [5] .
The G (~1582 cm −1 ) and 2D (~2700 cm −1 ) bands are the most prominent bands of the spectrum, whose position changes and full width half maximum (FWHM) can monitor the type of doping of the sample [4, 6, 7] . Additionally, the 2D band also presents significant changes in position, shape and FWHM for samples with different numbers of layers that make of the Raman spectroscopy a highly reliable technique for determining the number of layers of few-layer graphene samples [5, 8, 9] .
It has recently attracted much attention to the resulting structure of the interaction between molecules of H 2 SO 4 with few-layer graphene systems, due to their unusual properties. Theoretical studies between the interaction of H 2 SO 4 and bilayer graphene systems (BLG) have reported the possibility of intercalating the individual molecules of H 2 SO 4 between the graphene layers, given place to the charge transfer phenomena and increasing the distance between layers and variations of the electronic structure [10] [11] [12] [13] . On the other hand, in a concentrated solution of H 2 SO 4 (18M/98%) may also exist free H + ions [11] that interact with the graphitic systems (graphite, graphene) and can form bonds with the π electrons of the carbon (C) atoms (C-H bonds), producing the hydrogenation of the system. The hydrogenation has a surfactant effect on the process cleavage of graphite (reduction of the Van de Waals interaction between the adjacent layers) to obtain individual layers of graphene [14] . This effect can take advantage to increase the efficiency of the micromechanical cleavage technique in the preparation of few-layer graphene samples. Theoretical studies of hydrogenated graphene have shown that the hydrogen produces a p-doping on the graphene layers [15] , as well as a significant structural change, and due to the hybridization, is no longer a purely trigonal planar (sp 2 ) to acquire an intermediate character of the hybridization between sp 2 and sp 3 [16] [17] [18] [19] . Additionally, the hydrogenated graphene was experimentally studied by Raman spectroscopy and the main reported characteristics were: 1) The G band position increases for increasing |E F | and saturates for high doping [4, 7, 19] ; 2) Increasing of the 2D band position corresponds to p-doping, as predicted theoretically [4, 7, 15] ; 3) The integrated intensity ratio I(2D)/I(G) decreases, because the doping generates an additional contribution on the electron scattering defect (increasing γ'), where the intensity of the 2D band is proportional to 1/γ' 2 [15, 20] .
Experimental
First, 10.0 g of natural graphite (9950 GRAFLAKE of the National of Graphite-MG, Brazil) was immersed in 120 ml of concentrated H 2 SO 4 (18M/98%) and mixture by magnetic stirring. Then, the graphite was extracted into two parts, the first (second) part was extracted after completing 17 (25) hours of magnetic stirring. Finally, the graphite was removed from H 2 SO 4 and the two parts were filtered and rinsed with deionized water, and placed in a hot plate (approximately 50˚C) to eliminate the liquid wastes. Henceforward, the treated graphite samples were named G17 (G25) for 17 hours (25 hours) and the untreated graphite sample G0. Few-layer graphene samples were obtained from graphite flakes G0, G17 and G25, by micromechanical cleavage, and placed on 30 substrates of Si/SiO 2 (300 nm). In order to analyze the surfactant effect of the chemical treatment on graphite G0, which directly affects the number of samples obtained on each substrate, the number of layers (n) and type of doping on the samples were determined by Raman spectroscopy, using a spectrometer Jobin Yvon T64000 with a spectral resolution of 1 cm −1 , in a simple mode with a grid of 1800 lines. The used solid-state laser was of 532 nm wavelength (2.33 eV), with a power output maintained at around 2 mW to avoid heating effect.
Results and Discussion
Mapping the 30 substrates, where the exfoliated graphite were deposited, it was found that: in the 10 substrates of the G0 graphite flake only ~5 few-layer graphene samples with an average size ≤ 10 μm. For the treated graphite flakes (G17 and G25) were obtained between 15 and 20 samples with an average size ≥ 10 μm. From these observations, we conclude that the chemical treatment of graphite flakes with H 2 SO 4 produces a significant improvement on the micromechanical cleavage method, increasing considerably the efficiency to obtain few-layer graphene samples (above 300%).
The number of layers (n) of the obtained samples have been determined analyzing the FWHM of the 2D band (FWHM 2D ), by Raman spectroscopy [9] , it has seen that the FWHM 2D has minimal changes after the chemical treatment and it is possible to identify samples from n = 1 to 5 layers. Figure 1(a) shows representative spectra from n = 1 to 5 of the obtained samples after exfoliation of the graphite G17, where one can see that as the number of layers increase, the 2D band is deformed as its FWHM increase, besides presenting a upshift. In order to quantify the FWHM 2D and the upshift of the 2D band, this band was adjusted taking into account one Lorentzian function, as in [9] , for each spectrum. The results are shown in Figure 1 . On the other hand, Figure 3 shows the Raman spectra of bilayer graphene (BLG) samples B-0, B-17 and B-25, in which the G and 2D bands are respectively located at ~1584 cm −1 and ~2693 cm −1 , where evidently the shape of the 2D band (contribution of 4 Lorentzian functions [3, 5, 21] ) corresponds to BLG samples. The upper right inset in Figure 3 shows fitting of the 2D band for one spectrum.
In order to have a better information of the effect of H 2 SO 4 solution on the treated samples, the doping effect on the 2D band was analyzed in more detail on the Raman spectra of SLG and BLG. This band on the SLG (BLG) samples was fitted with a single Lorentzian function to obtain its center position, founding that for the higher treatment time, the 2D band undergoes a upshift of 3. ), as shown in Figure 4(a) . According to the literature [6, 7] , this kind of behavior corresponds to a p-doping, and is in accordance with the hydrogenation effect of graphite flakes [15] , leaving therefore, a small concentration of H adsorbed atoms (inset in Figure 4(b) ) in the samples after the exfoliation.
Another feature that indicates the doping effect is manifested by reduction of the integrated intensity ratio I(2D)/I(G) as the doping increase. Therefore, this ratio
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Graphene was analyzed on the spectra of all samples, estimating the variation of the Fermi energy using a relation reported at the literature [7] . For the M-0 sample the I(2D)/I(G) ratio is ~3.12, which is approximately to the value reported by A. Das et al. [7] for E F ≈ 0 (null Similar analyses were done for BLG samples, obtaining a small decrease of the I(2D)/I(G) parameter with the chemical treatment time. For instance, the values for B-0, B-17 and B-25 samples were respectively 1.33, 1.25 and 1.14 as shown by the triangular symbols in Figure 4(b) . These values are also very close to that reported in another studies of A. Das et al., doping the bilayer system using an electrochemically top-gated transistor [4] .
Conclusion
We report a chemical method to optimize the micromechanical cleavage technique to obtain a larger and greater amount of few-layer graphene samples, taking advantage of the surfactant effect of the treatment of graphite with H 2 SO 4 . Studies by Raman spectroscopy revealed that the SLG and BLG samples obtained from the treated graphite exhibit a p-doping, and characteristics of the Raman spectra reinforce the idea of certain concentration of H atoms adsorbed on the surface of the SLG and BLG samples. Additional measurements, such as infrared spectroscopy and DRX, would be necessary to be sure of the hydrogenation in our samples.
